In patients with previous cardiac edema the total exchangeable sodium may be normal or increased," 3, 8, 9 and so far there has been no conclusive evidence against the hypothesis that the variations in exchangeable sodium reflect changes in the size of the osmotically active, total extracellular sodium pool.
A recent study, however, presents evidence to suggest that patients with previous cardiac edema contain a significant excess of osmotically inactive cation, probably sodium.10 A group of patients with previous cardiac edema was compared to a group of control subjects of similar sex, age, and body weight. While no difference was found with regard to total body water and total body potassium, the total exchangeable sodium was significantly higher in the cardiac group than in the control group. Since the serum sodium values were normal in both groups, the logical conclusion was that an increased amount of osmotically inactive sodium was present in the previously edematous cardiac patients.'0 This finding is intriguing from the viewpoint of body water and electrolyte physiology, and it deserves consideration since the presence of increased osmotically inactive sodium has important implications for the From the Department of Medicine B, and the Department of Nuclear Medicine, Rigshospitalet, University of Copenhagen School of Medicine, Copenhagen, Denmark.
Supported by grants from Statens almindelige videnskabsfond and P. Carl Petersens fond, Copenhagen, Denmark. pattern of body composition obtained through multiple isotope dilutional studies in the particular group of previously edematous cardiac patients. Additional studies along the following two lines might elucidate this problem:
1. In multiple dilutional studies including a measurement of the total extracellular water volume, the total exchangeable sodium may be partitioned into a larger extracellular fraction and a smaller nonextracellular amount (the residual sodium ).1 3An excess of osmotically inactive sodium would presumably cause a significant rise of the residual sodium which would appear as a characteristic change in the pattern of body composition in previously edematous cardiac patients.
2. In multiple isotope dilutional studies in health and in a wide variety of disease states including cardiac edema, a close correlation has been demonstrated between the serum sodium concentration and the total exchangeable cation concentration, that is, total exchangeable sodium + potassium +. total body water."' 11, 12 This relationship indicates that nearly all exchangeable cation is osmotically active. In the presence of a significant increase of osmotically inactive sodium the total exchangeable cation concentration would be increased out of proportion to the serum sodium level, and this departure from the normal relationship would represent another notable characteristic alteration in the pattern of body composition in previously edematous cardiac patients.
The objective of this paper is to examine the total exchangeable sodium in patients with previous cardiac edema with particular reference to evidence for an increased osmotic inactivation of sodium in terms of an increased residual sodium content and in terms Circulation, Volume XXXIV, August 1966 of an altered relationship between the total exchangeable cation concentration and the serum sodium level.
Patients and Methods
In the first part of the study the total exchangeable sodium (Nae) and the 82Br space were measured by dilution techniques according to methods previously described.3 This series included 10 males and 10 females who had been treated for congestive heart failure with edema and in whom loss of edema had ceased and weight had been stable for 1 week to 6 months. The diagnosis of heart failure was based upon accepted criteria, and only patients free of peripheral edema or fluid collections of the serous cavities were included. The series comprised patients with arteriosclerotic, congenital, or rheumatic heart disease and a few subjects with constrictive pericarditis or idiopathic myocarditis. The control series included patients of similar sex, age, and weight distribution, suffering from a variety of diseases of noncardiac origin.
In the second part of the study the total water was measured by means of the tracer deuterium oxide according to the method described by Friis-Hansen,l3 and the total exchangeable sodium and total exchangeable potassium were quantitated by means of the tracers 24Na and 42K according to the method previously described. 3 The series included five males and five females with previous cardiac edema selected as described above, and a control group of five males and five females with cardiac edema present. All patients had been ambulatory for the week before the study.
Abbreviations and Calculations
The following abbreviations are used: Total exchangeable sodium: Nae The total body water averaged 31.4 L in the previously edematous group and 42.5 L in the edematous group. This difference is statistically significant (P < 0.01).
The total exchangeable sodium had a mean value of 2,557 mEq in the previously edematous group and a mean value of 4,346 mEq in the edematous group. This difference is highly significant (P < 0.001).
Since the total exchangeable potassium is only slightly lower in the edematous than in the nonedematous group, the total exchangeable cation (Nae + Ke) is significantly lower in the nonedematous than in the edematous group (P < 0.01).
Total Exchangeable Cation Concentration and Serum Sodium Concentration
In spite of the significant differences in total body water and electrolytes shown above, the total exchangeable cation concentrations (Na, + Ke/TBW) and the serum sodium levels are nearly identical in the two groups 12 Since an excess of osmotically inactive sodium would increase the exchangeable cation concentration out of proportion to the serum sodium level, the present study does not afford any evidence in favor of increased osmotic inactivation of sodium. There is a discrepancy between our results and the findings of Carroll and associates'0 who measured a significant excess of cation, probably sodium, in relation to total body water in previously edematous cardiac patients with normal serum sodium levels. Obviously, the incompatibility of results cannot be caused by variations in total extracellular water, e.g., due to differences in the ambulatory status of the patients, but whether the discrepancy is due to other differences in selection of patients or in choice of methods is at present uncertain. It would appear, however, that further studies are necessary before the evidence for increased osmotic inactivation of sodium in previously edematous cardiac patients is accepted.
Summary
Thirty previously edematous cardiac patients were examined for evidence of increased osmotic inactivation of sodium through isotope dilutional studies of body composition. The basic assumptions were that increased osmotic inactivation of exchangeable sodium would result in the following changes: (a) an increase of the residual sodium, that is, the amount of total exchangeable sodium which is not accounted for as total extracellular sodium, as derived from a corrected 82bro-mide space, and (b) a departure from the established close correlation between the serum sodium level and the total exchangeable cation concentration (total exchangeable sodium+potassium/total body water), resulting in a rise of the exchangeable cation concentration out of proportion to serum sodium.
In 10 males and 10 females with previous cardiac edema the total exchangeable sodium, the 82bromide space, and the derived total extracellular sodium were slightly, but not significantly, higher than in control groups of similar age and body weight. The residual sodium, assumed to include the osmotically inactive sodium, was close to the same in the groups compared.
In 10 previously edematous cardiac patients the total exchangeable sodium, the total exchangeable cation, and total body water were significantly lower than in 10 edematous cardiac patients of similar age and sex. Nevertheless, the total exchangeable cation concentrations were close to the same in the two groups. The serum sodium levels were equal, and the relationship between serum sodium and exchangeable cation concentrations were within normal limits.
The assumptions basic for the study are discussed, and it is concluded that increased osmotic inactivation of sodium could not be demonstrated.
